The constuction and performance of 12' x 12? flash chambers used in a 340 ton neutrino detector under construction at Fermilab is described. The flash chambers supply digital information with a spatial resolution of 0.2"1, and are used to finely sample the shower development of the reaction products of neutrino interactions. The flash chambers are easy and inexpensive to build and are electronically read out.
Introduction

Construction of Flash C] ,hambers
The central problem in building a neutrino detector is to instrument a large mass with a fine grain sampling of the final state shower to achieve good spatial resolution and a high pattern recognition capability. Several techniques have been recently developed which address this problem. Each technique is a different compromise of cost, spatial resolution, shower sampling step and technological complexity. The flash chamber is a simple, "low technology" instrument which achieves good spatial resolution. Because of its low cost, the flash chamber may be used to make a fine grain calorimeter with excellent pattern recognition capability and good energy and angle resolution. Hence the flash chamber is a good instrument to employ in a large neutrino detector.
Recently Conversi and coworkers' have developed a simple and inexpensive method of constructing flash chambers. A sheet of polypropylene plastic extruded in a honeycomb shape with 0.20" x 0.23" (5.0 mm x 5.8 mm) rectangular cells is fitted with gas manifolds which allows a pure Ne-He gas mixture to be maintained inside the cells. High voltage electrodes are glued to both sides of the polypropylene sheet. When a charged particle of interest traverses the polypropylene sheet, the high voltage electric field is applied thereby creating a plasma discharge in the cell which had been traversed by the particle. This plasma discharge propagates down the full length of the flash chamber to a region near the gas manifolds where it may be read out electronically or optically. This report will describe the construction and performance of 12' x 12' (3.7 m x 3.7 m flash chambers which are being built for the FMMN (Fermilab-MIT-MSU-NIU) collaboration at FNAL. The low cost and simplicity of the flash chamber has made it feasible to construct a large 340 metric ton calorimeter consisting of more than 600 flash chamber planes. This allows a find grained sampling (3.61 g/cm ) of the showers from hiah energy neutrino interactions. The calorimeter is presently under construction and will for the first experiments be used to study v1nucleon 121" from the gas manifolds to quench the plasma discharge before it reaches the gas manifolds thereby eliminating cellto-cell cross talk.
The gas manifolds are made by welding translucent polypropylene strips around the ends of each 4' wide polypropylene sheet. The ends of the translucent polypropylene are fused together by heat to complete the gas seal. A polypropylene tube with 40 mil diameter holes every 2" along its length is inserted in each gas manifold to evenly distribute the gas within the polypropylene sheet.
The use of a welded polypropylene construction avoids the outgassing and uncertain strength of adhesive bonding to polypropylene and thus circumvents a major construction difficulty. We have refined this sealing method so that is is very rapid to execute, and produces a reliable gas seal.
Standard 90% Ne-10% He gas with no quenchers is used in the chambers. The gas flows from the read out region through the chambers at a rate of 1.5% chambers volume/min. and is continuously purified and recirculated by a two sieve gas purification system. Fig. 1 Figure 2b shows the more complex distancetime relation for the actual high voltage pulse used on the flash chambers. The higher propagation speed at the onset of the discharge corresponds to the fast spike at the begiming of the high voltage pulse.
The HV pulse is produced by a pulse forming network (PFN) of a characteristic impedence of 5 Q2. Each chamber is equipped with its own PFN. A triggered spark gap, which employes a spark plug (Champion L-20 V), acts as the switching element of the PFN. The spark gap is operated in dry N2 gas at atmospheric pressure.
The capacitance of the PFN is distributed in 3 locations with more capacitance in the first stage to insure good rise time. Figure 3 shows the PFN circuit. The capacitors for the first stage of the PFN are six of the standard "door knob" type rated at 15 kV -6.5 nf. These are mounted in parallel. The middle and last stages employ 30 nf mica capacitors. The inductors are small coils of ignition cable and have L = 0.4 Ph. The 3.3 2 resistance in series with the second inductor damps the after ringing of the HV pulse.
The flash chamber capacitance is roughly 30 nanofarads. A typical HV pulse is shown in Fig. 3 .
The HV pulse is fed into the chamber by a 30"1 wide HV tongue at one corner of the chamber and is terminated with two-10 2/2 watt carbon resistors in parallel on the opposite side of the chamber. No significant variations of the high voltage pulse shape is observed at different locations on the chamber. The PFN circuit and a typical HV pulse.
The Read out System
The flash chambers are read out by using magnetostrictive wire techniques to detect the current pulse induced by the plasma discharge in a struck cell. The current pulse is induced on 0.118" (3 mm) wide copper strips roughly 20"1 (508 mm) long glued to the outside surface near the end of each polypropylene cell. These copper strips are connected to the chamber ground plane and form a set of capacitors (one for each polypropylene cell)with the chamber hot plane which acts as the other electrode. Each strip capacitor has the value of 3 picofarads. The plasma discharge, after propogating down the 12' long cell causes the capacitance formed between the copper readout strips and the hot electrode to change. This induces a roughly 0.5 A current pulse to flow through the copper strips to ground. The copper strips are made by photoetching copper clad mylar sheets with the appropriate cell-to-cell spacing. On the photoetched mylar, each strip is connected to a ground bus via a "sense" wire.
A With the chamber operating in the plateau region, this plasma induced current pulse is roughly 5 times larger than the current pulse induced on the copper strips when there is no plasma. To reduce the unwanted capacitance pickup when there is no plasma in a given cell, a type of A C bridge is made which balances the current through the sense wires. The bridge is produced by a 1:1 inverting cable transformer connected to the hot electrode of the chamber. The inverting transformer applies an opposite polarity pulse to a 2"1 wide aluminum "bucking strip" layed perpendicularly across all of the 0.118" copper strips. (See Fig. 4) . The The signal amplitude and the background amplitude vs. the high voltace.
The magnetostrictive wire is held in a 10 mil deep groove in a long extruded aluminum bar (wand The memory boards are read out by an asynchronous into CAMAC to a PDP-11 computer. Fig. 7 is a block diagram of the read out system.
Construction Cost
A flash chamber plane can be built by an unskilled labor crew of 5 at a rate of roughly 3 per 8-hour day. The cost of one flash chamber plane is roughly $400 parts and labor for the flash chamber plane, $100 for the wand and amplifiers and roughly $100 for the PFN high voltage pulsing system. We have set up a small factory and expect to finish the construction of the entire. 600 flash chamber planes in about 7 months. To date we have produced roughly 200 completed flash chamber planes. Fig. 7 Block diagram of the readout system. The operating range of the discriminator has been investigated. On the plateau, there is a discriminator level range of roughly ±50%, where the chamber is efficient and where the average multiplicity and the percentage of adjacent double hits is well behaved. Fig. 10 shows a typical discriminator curve. The chamber efficiency versus delay is shown in Fig.  11 for various gas flow rates. We see that the chamber sensitive time may be adjusted by varying the gas flow rate. Delays of roughly 600 nsec can be tolerated with a small loss of efficiency (9.6% at a rate of -16%/ psec) at a chamber gas flow of 1.5% vol./min. Higher gas flows can extend the efficient region to longer sensitive times.
The recovery time of the flash chambers has been investigated by refiring the high voltage pulse after a variable delay time and measuring the probability for the struck cells of the initial event to reignite. The recovery time measured as a reignition probability versus delay is shown in Fig. 12 . We see that the flash chambers are limited to only 1 event every 2 seconds. This rate is adequate for measurements in the FNAL neutrino beam which is pulsed once every 10 seconds. A small electronegative gas impurity in the Ne-He chamber gas may shorten this recovery time, but care must be taken not to significantly shorten the chamber sensitivity time. for TIME DELAY (sec) Fig. 12 The reignition probability versus delay.
The shower response of the flash chamber has been measured extensively in the test calorimeter and has been reported earlier. 2 Fig. 13 a and b show photographs taken of two typical electron showers and typical hadron showers in a 6 3 plane test calorimeter. The flash chambers in the test calorimeter were 17" x 17". We observe that the flash chambers are capable of supporting many tracks with no noticable degradation of efficiency. The high pattern recognition capability makes electromagnetic showers easily distinguishable from hadronic showers. We wish to varify that this excellent shower response is maintained in the full size flash chambers with the subsequently developed electronic readout.
A typical wand output for a cosmic ray shower is shown in Fig. 14 . We see that the adjacent cells are easily separated. Fig. 15 Computer display of 8 X chambers responding to a large shower.
To measure the multitrack efficiency of the chambers, the output of one wand amplifier was fed simultaneously into 8 different discriminators. Fig. 16 Fig. 18 The details of the construction of one module of the calorimeter.
The alerage sampling of the flash chambers per view is 7.2 g/cm , corresponding to 43.6% of a radiation length and 6.11% of an absorption length. The sverage distributed density of the calorimeter is 1.4 g/cm . The particular combination of 1 plane of sand with ? 3= 1.45 g/cm and 1 plane of steel shot with p' = 3.10 g/cm gives an average Z of 21. This construction is a good compromise for angular resolution, energy resolution, shower containment and neutrino event rate.
The expected angular resolutions for the FMMN calorimeter are shown in Fig. 19a and 19b 
